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(54) MICROCOMPUTER 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a function for extending 
operation contents for executing an operation which cannot be 
described in a short instruction code. 

SOLUTION: This microcomputer operates processing necessary 
for decoding an inputted instruction code, and for executing the 
instruction, and this microcomputer is provided with an instruction 
decode part 40, a register file 90, and an instruction executing 
part 60 which executes the instruction based on the operation 
contents of the instruction analyzed by the instruction decode 
part 40. The instruction decode part 40 includes an ext 
instruction processing part 50 which operates processing for 
extending an operation according to a prefix instruction. In this 
case, the prefix instruction is combined with a target instruction 
so that it is possible to perform access to a wider address space 
with two instructions by using register data in wide width as an 
offset value. Thus, an instruction code size can be reduced, and 
the number of execution cycles can be reduced. Also, an inter-register three operand instruction can be 
realized while this is difficult in a CPU in a type that the length of an instruction is short. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An instruction-execution means is a microcomputer characterized by executing this target 
instruction from the contents of operation extended with said target instruction expansion means 
including a target instruction expansion means to extend and interpret the contents of operation of this 
target instruction when an instruction code analysis means inputs a target instruction after a prefix 
instruction input. 

[Claim 2] Said target instruction expansion means according to claim 1 is a microcomputer 
characterized by extending the contents of operation of this target instruction to 3 operand instructions, 
and interpreting them using the contents of this register contained in two operands and prefix 
instructions of this target instruction when the predetermined target instruction which is 2 operand 
instructions is inputted after a prefix instruction input. 

[Claim 3] Said target instruction expansion means according to claim 1 is the microcomputer 
characterized by to extend the contents of operation so that the displacement of the address stored in 
the register specified as the instruction code of a target instruction creates based on the contents of 
the register of the register number contained in the instruction code of a prefix instruction and it may 
perform using this displacement, when the predetermined target instruction which has a register 
assignment value after a prefix instruction input is inputted. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic equipment constituted using an 
information processing circuit and semiconductor integrated circuit equipment, the microcomputer that 
contains said information processing circuit, and this microcomputer. 
[0002] 

[Description of the Prior Art] Conventionally, in the microcomputer of a RISC method which can 
process 32-bit data, the instruction code fixed to 32-bit width of face is used. The reason is that the 
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time amount which decoding of an instruction takes can be shortened compared with the case where 
the instruction code of variable-length bit width of face is used, and it can make the circuit scale of a 
microcomputer small if the instruction code of fixed-length bit width of face is used. 
[0003] However, also in a 32-bit microcomputer, there is also much instruction code which is not 
needed especially 32 bits. Therefore, if 32 bits describes the instruction code of all instructions, the 
instructions which a redundant part produces in instruction code will increase in number, and the 
utilization ratio of memory will worsen. 

[0004] In such a case, it is also possible to execute an instruction, carrying out the logic reduction of 
the redundant instruction code, and decoding to the original instruction inside a microcomputer. 
However, there was a problem that a control circuit became complicated, by such method. 
[0005] 

[Problem(s) to be Solved by the Invention] then, this invention — the person was performing 
examination about the microcomputer which processes the fixed-length instruction code of bit width of 
face shorter than the bit width of face of the data which can be processed in order to raise the 
utilization ratio of memory, without complicating a control circuit. However, if 32 bit fixed length's 
instruction code is only made into a 16-bit fixed length, for example, the following troubles will arise. For 
example, it is difficult to secure the field of the operand of 3 operand instructions in 16-bit instruction 
code. Therefore, the problem how to process the operation that description is difficult, by short 
instruction code to this appearance arises. In order to perform operation which cannot be described by 
short instruction code in order to solve the above-mentioned problem, the function which extends the 
contents of operation is needed. 

[0006] Moreover, other purposes of this invention are offering the information processing circuit which 
has the function which extends the contents of operation, semiconductor integrated circuit equipment, 
and a microcomputer, without complicating a control circuit. 
[0007] 

[Means for Solving the Problem] The instruction processed with the microcomputer of this invention can 
be divided into a usual instruction and a usual prefix instruction. About a predetermined instruction, it 
can become the target of a prefix instruction among the usual instructions (a target ****** instruction 
of a prefix instruction is called target instruction). A prefix instruction has the function which extends 
the target instruction function, in case [ its ] it does not perform in an instruction-execution means but 
a target instruction of consecutiveness is executed, if independent. 

[0008] In order to attain said purpose, invention of claim 1 is the information-processing circuit where a 
given target instruction and the prefix instruction for extending this target instruction function are 
inputted, and inputs said target instruction and a prefix instruction, and it is characterized by to include 
an instruction code analysis means analyze the contents of operation of this instruction code, and an 
instruction-execution means execute an instruction based on the contents of operation which' said 
instruction code analysis means analyzed. 

[0009] An instruction code analysis means decodes the inputted instruction code, and performs 
processings required in order that an instruction-execution means may execute an instruction, such as 
calculating the address of the storage means which is set as the object of an instruction and by which 
the data storage is carried out. 

[0010] When said instruction code analysis means inputs a target instruction after a prefix instruction 
input, said instruction-execution means is characterized by executing this target instruction from the 
contents of operation extended with said target instruction expansion means including a target 
instruction expansion means to extend and interpret the contents of operation of this target instruction. 
[0011] If it is made this appearance, the function extended to the target instruction can be realized by 
performing a target instruction combining a prefix instruction. For this reason, the number of 
instructions can be reduced and it becomes possible to reduce the number of bits further used for 
instruction code. 
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[0012] Moreover, in instruction code with little number of bits, it also becomes possible to realize the 
function that implementation is difficult, by combining a prefix instruction and a target instruction. For 
this reason, the utilization ratio of the memory by compaction of instruction code is improvable. 
[0013] Invention of claim 2 is characterized by to extend the contents of operation of this target 
instruction to 3 operand instructions, and to interpret them using the data of the register of a number 
with which said target instruction expansion means was included in two operands and prefix instructions 
of this target instruction when the predetermined target instruction which is 2 operand instructions was 
inputted after a prefix instruction input, in claim 1. 

[0014] If it carries out such, by performing a target instruction of 2 operand instructions combining a 
prefix instruction, the actuation function of this target instruction can be extended to 3 operand 
instructions, and can be performed. Therefore, even if it uses the short instruction code which has only 
a description field by two operands, 3 operand instructions are realizable. For this reason, it becomes 
possible to reduce the number of bits used for the number of instructions, and instruction code. 
[0015] Invention of claim 3 is characterized by to extend the contents of operation so that the data of 
the register of the number contained in the instruction code of a prefix instruction when said target 
instruction expansion means inputted the predetermined target instruction which has a register 
assignment value after a prefix instruction input use in claim 1 as displacement of the address stored in 
the register specified as the instruction code of a target instruction and it may perform . 
[0016] If it does in this way, by using a prefix instruction, without being limited to the number of bits of 
an operand, addition of displacement is attained and can increase displacement to a part for the bit of 
the data width of face of a register. 

[0017] Moreover, by processing fixed-length short instruction code, the microcomputer of a RISC 
method shortens the time amount which decoding of an instruction takes, and aims at making the circuit 
scale of a microcomputer small. Therefore, according to this invention, the microcomputer of the RISC 
method which can realize these purposes easily can be offered. 
[0018] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
a drawing. 

[0019] 1. Functional description drawing 1 of CPU is the functional block diagram of CPU of the gestalt 
of operation of this invention. Although this CPU30 treats the data of 32-bit width of face, it is 
constituted so that the instruction code which is 16 bits may be processed. 

[0020] A book CPU 30 contains the instruction decoding section 40, the instruction-execution section 
60, and a register file 90. And this CPU performs an exchange of the exterior and a signal through the 
16-bit instruction data bus 130, the instruction address bus 120 for an instruction data access, the 32- 
bit data bus 140, the data address bus 310 for a data access, and the control bus 390 for a control 
signal. 

[0021] Said instruction decoding section 40 is also performing processing required in order to decode 
the inputted instruction code and to execute this instruction, and contains the ext instruction- 
processing section 50 which is the characteristic function of this invention. The register file 90 has the 
register used by CPUs, such as 16 general-purpose registers of general-purpose registers R0-R15, a 
program counter (PC), a processor status register (PSR), a stack pointer (SP), an arithmetic low register 
(ALR), and an arithmetic high register (AHR). The instruction-execution section 60 executes this 
instruction based on the contents of operation of the instruction which said instruction decoding section 
40 analyzed, and contains the data operation part 70 which calculates data, and the address-arithmetic 
section 80 which performs the operation of the address. 

[0022] Since the data size of the hardware inside this CPU is 32 bits, all of the arithmetic logical 
operation performed in the data operation part 70 of said instruction-execution section 60 or the 
address-arithmetic section 80, the number of bits, a data transfer of a register of said register file, etc. 
become 32 bits. However, the instruction code which said CPU30 processes is a 16-bit fixed length. 
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Usually, instruction code consists of operands of the class code and operation code which define the 
fundamental operation of this instruction, a source register (rs) and a destination register (rd), and an 
immediate. When using 16-bit instruction code, the number of bits of the immediate which can be used 
becomes small, and it becomes impossible for this reason, for a source register to specify only one. 
[0023] So, the instruction of 16 bits of fixed lengths called an ext instruction is newly prepared, and it 
constitutes from a gestalt of this operation so that a register number can be specified. Moreover, by 
using an ext instruction, it constitutes from instruction code of short bit width of face called 16 bits of 
fixed lengths so that operation which cannot be described may be made possible. Although an ext 
instruction does not perform its activation in CPU if independent at all, it is the prefix instruction which 
is an instruction which extends the target instruction function by Lycium chinense just before a target 
instruction. In addition, the instruction set as the object of the expansion by this prefix instruction is 
called target instruction. The configuration of the instruction code of an ext instruction has the 8-bit 
register appointed field 403 in the bit 0 from the bit 15 to the bit 13 from the field 502 which specifies a 
5-bit operation code, and the bit 7 from the bit 12 to the class appointed field 501 of a triplet, and the 
bit 8, as shown in drawing 5 . The code which shows one of general-purpose registers is stored in the 
register appointed field 403. 

[0024] Therefore, with the gestalt of this operation, it is characterized by extending the operation of a 
target instruction of consecutiveness using the value of the general-purpose register specified with a 
prefix instruction. The ext instruction-processing section 50 processes such an ext instruction, and it 
mentions later for details. 

[0025] 2. Take for an example the semiconductor integrated circuit built in the configuration 
microcomputer of a semiconductor integrated circuit, and explain an example and activity of circuitry for 
realizing the characteristic function of this invention. 

[0026] Drawing 2 illustrates a part required for explanation of the configuration of the semiconductor 
integrated circuit built in the microcomputer. This semiconductor integrated circuit 100 contains 
ROM1 10 and RAM320 with CPU30. 

[0027] Said CPU30 performs an exchange of the exterior and a signal through the data address bus 310 
for the data bus 140 of 120 or 32 bits of instruction address buses for said ROM 1 10, said RAM320, the 
16-bit instruction data bus 130, and this instruction data access, and this data access. 
[0028] The 16-bit instruction code which described the processing which CPU30 is made to perform is 
memorized by said ROM110, and it functions on it as an instruction code storage means. And the 
instruction code of said prefix instruction or the instruction used as a target as well as the instruction 
code of the usual instruction is memorized by this ROM110. 
[0029] Said RAM320 has memorized the data used for activation. 

[0030] Said CPU30 contains an instruction register 150, the instruction decoding circuit 160, the EXT 
register 172 and a register file 90, ALU190, and a program counter PC 330 and the address-arithmetic 
machine 340. 

[0031] An instruction register 150 stores the instruction code inputted through the instruction data bus 
130 from said ROM110. The instruction decoding circuit 160 decodes the instruction code stored in the 
instruction register 150, and outputs the control signal 161 required for activation. Moreover, the 
general-purpose register value in instruction code is started, and it holds to an EXT register if needed. 
Although the address-arithmetic machine 340 calculates four operations etc., it takes up only the 
function which carries out an add operation for convenience, and this example explains it. 
[0032] The address of the instruction under current activation is stored in the program counter PC 330. 
[0033] ALU190 performs arithmetic operation, logical operation, and shift operation to the data of the 
value stored in the register of said extended immediate and register file 90, or said RAM320. That is, 
ALU190 functions as data operation part 70 of the instruction-execution section 40 shown in drawing 1 . 
[0034] The target instruction expansion circuit 170 extends the operation of this target instruction from 
the target instruction which the instruction decoding circuit 160 judged, and the instruction EXT register 
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172. That is, the instruction decoding circuit 160, the target instruction expansion circuit 170, and the 
EXT register 172 function as the instruction decoding section 40 shown in drawing 1 , and the ext 
instruction-processing section 50. 

[0035] 3. Explain a means to hold the number of the general-purpose register contained in the 
instruction code of an example **** prefix instruction of the escape of the target instruction using an 
ext instruction (prefix instruction). As a means, the instruction decoding circuit's 160 detection of an ext 
instruction saves the data of the corresponding register at the EXT register 172. 

[0036] Next, a means to change the operation of a target instruction using the data of said EXT register 
is explained. 

[0037] Drawing 3 is the timing-chart Fig. having shown relation with the control signal which the 
instruction code inputted and said instruction decoding circuit generate. 

[0038] Said control signal which said instruction decoding circuit generates is with the ext signal 330 
and the extjow signal 340. 310 of drawing 3 expresses the instruction code inputted. Moreover, a clock 
signal 320 is a signal which is generated by the clock signal generator which is not illustrated in drawing 
2 , or is inputted from a clock input terminal. This clock signal 520 is used in order to take the 
synchronization of the various actuation in CPU. For example, synchronizing with the standup of this 
clock signal 320, the instruction address is outputted to the instruction address bus 120. Moreover, 
based on said instruction address, instruction code is read from ROM110 to every 1 of this clock signal 
320 period (one machine cycle), and it is held at an instruction register 150. And the operation according 
to the read instruction code is completed within 1 machine cycle. 

[0039] The ext signal 330 is a signal used as '1\ when an ext instruction is inputted. That is, said 
instruction decoding circuit sets the ext signal 330 to T, when the inputted instruction is an ext 
instruction, and when the inputted instruction is the usual instruction, it operates so that the ext signal 
330 may be set to '0\ 

[0040] The extjow signal 340 is a signal outputted according to the condition of the ext signal 340. That 
is, when the ext signal 330 is '1\ said instruction decoding circuit takes a synchronization in the standup 
of the following clock signal, sets the extjow signal 340 to T, takes a synchronization in the standup of 
the following clock signal, and sets the extjow signal 340 to '0'. 

[0041] When the ext signal 330 is '0'extjow signal 550-0', it is in the condition of processing the usual 
instruction, and, as for the target instruction escape circuit 170, operation is not changed in this case. 
[0042] When the ext signal 330 is T, CPU is in the condition of processing the ext instruction which is a 
prefix instruction. At this time, the data of the register which an ext instruction specifies are saved at 
the EXT register 172. In this case, the target instruction escape circuit 170 does not change operation. 
[0043] The ext signal 330 is at '0'. In extjow signal 550-1', it is in the condition of processing the usual 
instruction which is a target instruction after an ext instruction. In this case, usage operation is changed 
for the data of the assignment register contained in the instruction code of an ext instruction of the 
point currently held at the EXT register 172. 

[0044] 4. Explain the typical example of the contents escape of operation of the target instruction by 
prefix instruction, next the gestalt of typical implementation of the contents escape of operation of the 
target instruction by the prefix instruction of this invention taking the case of the case of an instruction 
(henceforth Type 1 instruction for convenience) of the type which calculates using 2 general-purpose 
registers. 

[0045] First, the configuration of the instruction code of Type 1 instruction is explained. Drawing 5 is 
drawing having shown the bit field of the instruction code of this Type 1 instruction. 
[0046] As shown in this drawing, the instruction code of Type 1 instruction has the 4-bit register 
appointed field 404 in the bit 4 from the bit 15 to the bit 13 from the field 402 which specifies a 5-bit 
operation code, and the bit 7 from the bit 3 to the 4-bit register appointed field 403 and the bit 0 from 
the bit 12 to the class appointed field 401 of a triplet, and the bit 8. 

[0047] Moreover, the code which shows one of general-purpose registers (rs) and (rd), respectively is 
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stored in said register appointed fields 403 and 404. the register source is meant in rs and a register 
DISUTE nation is meant in rd — it is. Type 1 instructions are 2 operand instructions which perform the 
operation shown so much in the data stored in the general-purpose register (rs), and the data stored in 
the general-purpose register (rd) by the operation code, and perform actuation which writes a result in a 
general-purpose register (rd). 

[0048] Next, actuation of CPU when Type 1 instruction is executed independently is explained. In 
drawing 2 , Type 1 instruction is first inputted into an instruction register 150 through the instruction 
data bus 130 from ROM110. And it decodes in the instruction decoding circuit 160. and the operation 
according to the contents is performed. In Type 1 instruction, the data stored in the general-purpose 
register (rd) specified by instruction code are inputted into ALU190 through a data bus 182 from a 
register file 90. Moreover, the data stored in the general-purpose register (rs) specified by instruction 
code are inputted into ALU190 through a data bus 184 from a register file 90. And ALU190 performs the 
operation shown by the operation code of Type 1 instruction, and stores the result of an operation in 
the general-purpose register (rd) of a register file 90 through a data bus 192. 

[0049] Said Type 1 instruction can also be executed independently and it is also possible to perform 
combining the ext instruction of just before **. 

[0050] When executing Type 1 instruction independently, the formula showing the operation in the case 
of performing combining an ext instruction is as follows. 

[0051] (A) Operation rd=rs of Type 1 instruction Operation rd=rs of op.rd(B) EXT instruction + type 1 
instruction An op.EXT register type (A) is a formula showing operation when Type 1 instruction is 
executed independently. Since original operation of Type 1 instruction is performed as shown in this 
formula when performing independently, the data of an EXT register are not used. In addition, it is as 
having mentioned above about the contents of activation when Type 1 instruction is executed 
independently. 

[0052] A formula (B) is a formula showing operation when Type 1 instruction is executed combining the 
last ext instruction. As shown in this formula, when Type 1 instruction is executed combining the last 
ext instruction, the contents of operation extend the result of an operation of the data of an EXT 
register, and the contents of the general-purpose register (rs) so that it may write in a general-purpose 
register (rd). 

[0053] The contents of activation when Type 1 instruction is executed combining an ext instruction are 
explained. In drawing 2 , Type 1 instruction is first inputted into an instruction register 150 through the 
instruction data bus 130 from ROM110. And although it decodes in the instruction decoding circuit 160, 
the following operation is performed when this instruction is a target instruction at this time. That is, the 
data stored in the general-purpose register (rs) specified by instruction code are inputted into ALU190 
through a data bus 182 from a register file 90. Moreover, the data of a specified register are inputted 
into ALU190 for an ext instruction just before being held at the EXT register 172. And ALU190 performs 
the operation shown by the operation code of Type 1 instruction, and stores the result of an operation 
in the general-purpose register (rd) of a register file 90 through a data bus 192. 

[0054] In addition, the process in which an ext instruction holds the data of a specified register to the 
EXT register 172 is as drawing 2 - drawing 3 having explained. 

[0055] Therefore, when Type 1 instruction is executed combining an ext instruction, it has the 
effectiveness same with having executed 3 operand instructions which have one destination register and 
two source registers in an operand. 

[0056] 5. Explain the example which adds the displacement of the address to the example which adds 
displacement during an instruction of a target instruction using a prefix instruction, next an operand 
using a prefix instruction in an instruction (henceforth Type 2 instruction for convenience) of the type 
which performs using as the address the value stored in the specified register. 

[0057] The configuration of instruction code is common in that it has in an operand the appointed field 
of Type 1 instruction shown in drawing 4 , and two registers. Although the contents of the operation 
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code differ, since there is especially no effect in explanation of the gestalt of this operation, explanation 
is omitted. The load instruction which is an example of Type 2 instruction is taken and explained to an 
example. A load instruction is an instruction for loading to the register which shows the data memorized 
to the address specified by rs to rd. 

[0058] First, actuation of CPU in case this load instruction is executed independently is explained. CPU 
reads the data which make the address the value stored in the general-purpose register (rs) specified 
by instruction code from RAM320, and stores them in the general-purpose register (rd) specified by 
instruction code. 

[0059] A Type 2 instruction like a load instruction can also be executed independently, and performing 
combining the last ext instruction is also possible. When it performs combining an ext instruction, with 
the data of the register specified by the instruction code of an ext instruction, displacement is added 
and Type 2 instruction is executed. 

[0060] The contents of activation when Type 2 instruction is executed combining an ext instruction are 
explained using drawing 2 . First, Type 2 instruction is inputted into an instruction register 150 through 
the instruction data bus 130 from ROM110. And although it decodes in the instruction decoding circuit 
160, when this instruction is a target instruction at this time, the address stored in the general-purpose 
register (rs) specified by instruction code is taken out from a register file 90, and is inputted into the 
address-arithmetic machine 340 through the X bus 350. 

[0061] Moreover, the data of a specified register are inputted into the address-arithmetic machine 340 
for an ext instruction just before being held at the EXT register 172. The address-arithmetic machine 
340 adds these two inputs, and generates the address. The address of RAM320 is specified through the 
data address bus 310 with the generated address, the data stored in this address are inputted into a 
register file 90 through a data bus 140, and it stores in the general-purpose register (rd) specified by 
instruction code. 

[0062] In addition, in advance of this process, the immediate of an ext instruction is as drawing 2 - 
drawing 3 having explained the process held EXT register 172. 

[0063] Therefore, when Type 2 instruction is executed combining an ext instruction, the contents of 
operation are extended so that displacement may be added and performed to an operand. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the functional block diagram of CPU of the gestalt of operation of this invention. 
[Drawing 2] A part required for explanation of the configuration of the semiconductor integrated circuit 
built in the microcomputer is illustrated. 

[Drawing 3] It is the timing-chart Fig. having shown relation with the signal for operation modification 

which the instruction code inputted and an instruction decoding circuit generate. 

[Drawing 4] It is drawing having shown the bit field of the instruction code of Type 1 instruction. 
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[Drawing 5] It is drawing having shown the bit field of the instruction code of an EXT instruction. 
[Description of Notations] 
10 Microcomputer 
30 CPU 

40 Instruction Decoding Section 

50 Ext Instruction-Processing Section 

60 Instruction-Execution Section 

70 Data Operation Part 

80 Address-Arithmetic Section 

90 Register File 

110 ROM 

120 Instruction Address Bus 
130 Instruction Data Bus 
140 Data Bus 
150 Instruction Register 

160 Instruction Decoding Circuit 

161 Control Signal 

170 Target Instruction Expansion Circuit 
172 EXT Register 
190 ALU 

310 Data Address Bus 
320 RAM 

330 Program Counter PC 

340 Address-Arithmetic Machine 



[Translation donej 



- 10- 



(mn*mfflfi? up) 



(12) & 



(a) (nmmnm&mm& 

#^2000-284962 
(P2000 - 284962 A) 
(43)&0BB ¥/«12¥l0^13B(2000.10.13) 



(51)IntCl.' 






F I 




GO 6F 


9/318 




G 0 6 F 9/30 


3 2 OB 5B033 




9/30 


3 10 




3 1 OA 






3 5 0 




3 50A 










gf*«©» 3 OL (£ 8 H) 



<21)fflB#*f ft®¥ll-94060 
(22)tU«B ; ^11^3^3100999.3.31) 



(71) mm A 000002369 

(72) ^!W# J»R| 3M8 

e»RWt***»3TS3#5^ i~f3 

(74)«SA 100093388 

#S± to* «=6B »2*),' 
F*-A(0#) 5B033 AA06 BA05 BB01 BB05 DA02 



(54) B2W©£«0 Vf^a3>lf3.-^ 



(57) [if**!] 

• 12b*] r!)7o^^t^'?^^Sr'ifi^^5wi 




1# B3 2000-284962 (P2000-284962A) 



fflE4r*i-*0fjeo^-^y MhfrfcA* ^y 

to 0 0 1 ] 
[0002] 

mXV&ffi] 3 2 \fy hOx-^Sr^St?*?) 

R I S CM©?-f * n aVj^a.— 3 2 h 

* © @IK%K $ < i" 5 r t *s tH jfe 5 h T~h 5 . 
[0 0 0 31 3 2^y hcV^P^yfa 

— Kt>#v\, totitO^^a- K&3 2 fc's/ 

#*<fe t) /V* y -©{£ffl3S35;oSfg< ><f 5„ 
[0004] TLft/i^'Va- KfcHJUE- 

[0 0 0 5] 



2 

»i, W[H]&£®&K^3r£fc<^y.©<£ffl^£ 

e=.-*Jco^T©&rt£fTo-C^fc. Lt4>U #J;tfi 

3 2^y h@ftg©ife^=>- KfrWci 6 fy h©@j£ 
ftK1-££WT©«fc 5#Pm£#£i:5. tfJ;ttf, 16 

K©7^-/uK«r»ffti-3::i:tt*U\, Sot, ::© 

[0006] *«w©te©swtt; mnm&fc^ 

[0 0 0 7] 

[g|jg£fl?&-r3*:&©#itS:] 

[ 0 0 0 8 ] Jiy!Eil$£ii/&i-3fc*. W#B 1 ©«W 

toaEgs-cfcoT, m&*->f y h^s^y 7^ y 

[0 0 0:9 ] K/S«f¥iS:fi> A7J L-fc^=- 

40 [00 10] W1&^3-K«Wf#a»4; T'y 7<t yf 
^SXtimzt-Vy N^SrATJbfc^-,- f^^- 
Vy bA-fr©jJ-«<-u-i ^3 Vf*JSSri£3SUT^H?i-5^ 

[0 0 1 1 ] Z<DWZ1-Z>k. h^^yV 7 

4 y*xtii<$tM%-'8rttxm?rZi£ZZb\z£y y 9 
-Vy h^^il£5S$^mi6Srlim$-Br-5r tWZ 
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[00 12] t's' h&<D'Pfo^<$=>-V'-Q\-±. 

^ 3 i tc «t 9 Hmi-?> r 1 1, "Tfig t ^ 

[0013] si#JS2 0>is0jtt. ft^gmcfc^-c, an 

[0 0 14] ^(om-tZt, 2*<<'9lsY4k4t1>9—# 

i'Ki&^K&SlLTjIfTS-frSr lot, 
2^5 V K^fExB^U/4^v>Sv^^ = - Kfctt/B 

[0 0 15] SttfJSScDSglEte, |»#3llfc*ttvC, M 

[0016] Z.<D& oK-fZb. -71) 74 y9*tir$t* 

[0017] ifc, R I S CTj^wW * o n ^e^- 

{tot, #3gW»;iJ:*utf> ^ftfc<0@#)£^K:3l9it±J. 
[0 0 18] 

mw(omm<o]&m eat, *&w<Dmi&<nMm*wm 

[0 0 19] i. cpuoatR9ii 
Hill *&Wv>mi&<oMM<ocP\J<oWm7'a y9W 
KCPU3 01*3 2 My H6<0-r — * 5 ri 5 



(3) 

[0 0 2 0] ^CPUSOfi, ^f3-K94 0t, 
#^HtfSB6 0 t OSr-gtf. -t L-T 

;05CPUIt 16K'yKD^7-!5'^13 0t > 
$&^7 ! —$Tt J z*<r>tz.#><r>^T 120 

32tf^hO7-^''^140t 1 f-^'Ti't^ 
©fc*©f-^7Kl'^310i, ayhn-zl'fl 
■§-(0fc»CD3>- ho— Av<*3 9 0iSr5>LT^gBi:{S^- 

io [00 2 1 ] WBSA-frf* = — K§B 4 0 H A73 LfcA^ 

tT5<D'b-T?, *!8W©<l#«6<J*«il6-efc5 e x t^aa 
5 0 Sr-^tfo 1^**7 7-^9 Ofi, flUBl^* 
*R0~R 1 5©1 B^iR/SU-iA**, yo^7A* 
(PC) , ^.n-fcyfr— XT— 97^79 (P 
SR) % 79 y9^l^9 (SP) , gffin-u-v 5 ;** 
(ALR) , S«^^^^ (AHR) ^©CPUt 
^ffl-r^^^^SrWLTV^o ^HffgB 6 0 (4. tti 

"7 K i^JjSJSpB 8 0 Sr^ifo 
[0 0 2 2] ^CPUrtgi5©/N- K!7^T(07 r -^-^-l' 
... XI4 3 2 fcV hT? fc57t«>, WBlfrfr3WT» 6 0 tf>x- 

• *»ggB 7 o *?7 k K*iH@8s 8 o -etT^ns^asa 

• ±TA -r-^WlK^tt-f^TS 2 fy.hKl**. bZ 

?>t>K HtriEcpu3 o*s*aai-5^3— Kr*i et'y 

30 W<i/->3y^65^7^3-K, K, 

; y — ^U-V 1 ^^ (r s) ^f4-V'3>^^ 

(rd) , EPfiScO^^VK-ClSBK^H^o ^(Ofcfc, 

■ [.00 2 3]*:t?. *HJfe<o^fl§-c»i, e x;t«*k 

. • fflv^^r b\z£ 9 l-6>¥ + b^ offi.^^*? -y hUS- 
40 • K-CfifaxEaJtE^.V^^u—Va vSrpTtg^ 

^.PU»c*J»t5HtTSr<Bie> : fT*p/«CVNd^ o'-ys' h#^<0 

y iJ 7 <f 9 x-to^\z a 5«HBH£3B©^« t .fc 5 A^ 

■ - «fi£»4E 5 \z^-f£ b IC, t* y K 1 5^5>^/H3IC. 
3fs/ KO^^^fgit^S 0 1 b. fc*s/M2*^t* 
;/ K8K5 trs/ h©^-'<3-K**§jei-5tB«5 0 2 
so b\ \f y V 71i*bVy h0\z.8 f;/ Hou^^^Jg^ 
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#4 0 3 i«r*L-C^*. I"^^tli4 0 3l: 
[0 0 2 4] t£oT, **JS<0^fl§-ett, -7))7 4y* 

*aa$ 5 o xh v , »HBtt«»i-5. 

[0 0 2 5] 2. ¥^fr*aiHl^cD«^ 

[0 0 2 6] 12214, W^D = >fx- 

lstzh<OXhZ> 0 K¥3®#*«Ie]8S1 0 Ofi, CPU3 
Oh R OM 1 10, R AM 3 2 0 S^tf. 
[00 2 7] tfliac P U 3 0 fi, t&IBR OM 110, flfr 
IBR AM 3 2 0 t, 16f^hffl^T->^13 

0, W'&f-^T^tXOfcftW^T Kl'^^ 1 

20, 3 2 try b©^— i 4 o; ^-r-^r^-t 

'^«fcftOT-^7K^^3 1 O tSr^-LT, fl-gB 
t^©^>9 5tt) Srff5. 

[oo 2 8] ftrlEROMi l otcte,' CPU 3 0 IcHfr 
£*«»«*reafcUS:l 6 fc'y N©^=>- K#fElt£ 

T, &ROM1 1 OJca^w^OT^a— Kt IrICJ: 

©ifr4> a— KjWEHS ix<&. " 
[0 0 2 9] SfrfSR AM 3 2 0 (4; S^fTlC&ffi-rSy*- 

[0 0 3 0] MIHCPU 3 0f4, 15 0 

1, ^xa— K0?S1 6 0 t, EXTl/-^^ 1 7 

2, ' V^^77'C^9 0 2:, ALU190t, /o^ 
7A*?y^PC330, 7K^|SIIS3 4 0^. 
tf. 

[00 3 1] ^l^** 1 5 0f4,' MI5ROM 110 
fis^f—*;** 1 3 0Sr^LTA^$tufc^3 
- KSrIMrti-S. ♦♦9 , a-KiaKl-B'"0 ! fiC A^fS? 
x*l 5 0Kte^£*ufci*iH^=>- KtflWKU HffKifc 
1 6 1 SrttJ^-rSo- 'Wa-KI'O 
iHJ8l'v>;**itt£#Jt? ffiL, i!>fl:j£:'i:TE XT^ • 
*»cffc#Ui T Ku^adW3-4 0't*6Pi«|fc 

[003 2] ya^A^^^PCS 30KI4, Hfc 

[0 0 3 3] ALU 19 014, StJlBfejg^Hfcgllfil^'^ 
•^?77^/l'9 0Ol'^ »C*&i&<3 $ ftfcffi-^ftjft R 
AM 3 2 0Of-^l:StLT, 3SffiJS3S-S>8SSiil3?-*»v' 
7h8tKSrff5. i-^^*>, ALU'l 9 0»4|g]l*C^S 



6 

tvfc^n«iH5 4 o©-r-^^siJ7 o t x^xmm-r 

So 

[0 0 3 4] *-yy h#^«l|gtt3gIalKl 7 0S, « 
^•x = -Kli]?Sl 6 O^jgfufc^-ys/ Mfc**** 
EXT^? 1 7 2*>P)^-7'^ h^cO^-^U— 
v-3 ^SrttSS-f 5„ -Tfc:b*>, ife^T^- K[e]!§ 1 6 0 
hf-Jf*, hft-ftftfigttSIIIIgl 7 0 t EXTW-^^ 

1 7 2(4HIHC^$tvfc^7 s ='- K»4 OMe x t 

***aa» 5 o t Lxmm-rz. 

io [00 3 5] 3. ex (7*y7>f-7^^) 

LT, e x t^Sr^x="- KlelSSl 6 0^mi-5 
t, SSt^l^^^Of-^lrEXTV'-^^ 17 2 

[0 0 3 6] MIEEXT U-^^(Of- * £r{£l^ 

20 [ 0 0 3 7 ] m 3 f4, A^7 **b<5*^a- VRXfM&tii 

[0 0 3 8] tfTlE^-ra- KEHS*5dferiM-5iWEIW#P 
fI-§-f± e x t {f-g- 3 3 0 i , ex t_l owfff3 4 0 
kXh2> 0 03 <D3 1 Of4A;*3$*u3l8H*-= — KSrftL 
TV^-So n y 3 2 0(4, 0 2 fCfcVTB]^ 

S^tsffi+frb A* $tv2>m-§-r*fc 5 0 o y ^ ft % 5 

2 Ofi, CPU{c*5»t.5«-«li)^coiD^Sri:5fc*Jcffl 
so l^fetv-So {JiJ^tf, o s/^ff-g-3 2 0OSt*)J;^(j 

t^UT^T 1 2 OJC^T K^^^ttl 

7J^5, n 2 0CO1 JH^ ( 1 -e 

v-vi^-^^yu) fe»wStrlE^T K^'^^cS<5^^TROM 
1 1 0*>b^3— K*sgt*-a$ix, 4b^i\s*??>9 l 5 

• <5 « • • •>,-•.; . > ■ i 

[0 0 3 9] e x tf§#3 3 0f4, e x tA^AAc! 

nfc'ttfc , --i ; - t*««-g-c*>*. i-*fot>,- time* 

• S^-e x t{f-§-3 3 OSr' 1 ' (CU A^$ttfc#^^ 
ii#Wlft<£-efc3^e x t{g-S§-3 3 0£* 0' 

[0040] e x t _ 1 o wfs-^- 3 4 0 fi, ex t 

'3 4 o<o^t3^CTi±i^$^sff^-efc5. -rttt> 

ttliE^x=>-KIslKfi, e x t fie'S 3 0^* 
1" ^$>5^, &<Dy-v y?iB%<D±*>±.&r)\zmMZ 
iot^ 1 e x t_ 1 o w{f W3 4 0 4-' 1 ' »C L, -t<D 
^(D^a y*«*©:fc-fe±#9U:ra»"*i:oT, ext 
so _1 owM340&' 0' ii-5„ 
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[004 11 e x tff-§-3 3 0*5' 0' ext_low 
fi§5 50=' 0' (DWr&te, ii^<D^Sr*aSLT^ 

1 7 011 v'a vro&HSrfrb&^o 

[00421 ex tfs-i-3 3 0^* 1 ' <OW&\±. CP 
U*syy 7^ y*;MM*"0fc3 e x t^SrtoSUT^ 
•Sifcfig-CfcS. r^B^ ex t^O}|ft5^^ 
©T-^iEXTl/-^^ 1 7 2Kifc#-r5o w^ti-g- 

[004 31 ex t{lt3 3 0i5' 0' t? ext_l 
ow(t§5 5 0=' 1' ©*fi-f±» ext«*««W 

[0 0 4 41 4. 7*y y-< y9 7.tit<frK£Z>9 — fy Y 
■fa. 

[0 0 4 51 *i\ 9-<y°\^<o^^— K©*Mtfc 
[0 0 4 6] iRiia^^-rJ; 

— Kf±. t's/ h 1 5d^tfy M3t3 tfj/ h<0^7^ 
Jgj£SSl&4 01i, If y M 2 a»fc> t*-y h 8 \z 5 k's/ r- 
<D^=i- KfcflMei-aflWU 0 2 tf-j/ h 7*»fe t' 
y V 4K4 tfs/ hWUv 5 ^^it)tlS«4 0 3 tf-y K 
3^bt'y r- OK 4 t'y h©^^i^4 04t 

[0 0 4 7] if2^^JtSI«(4.0 3 > 4 0 

4 tCfi, -tix-eHV vf*t;0»©t)Ul 9 ( r s ) ( r 

d) -SriiH-a— Kas&ilft$;h.T^5o r sttti/^^ 
y— r d iliu-^^'^'f V?rE*i" 
5t><E>4>5. ^W^Hfo^tt, V\.m\'V*9 (r s) IC 
*&JW$tvT^5x-^ttafflU^<? (rd) KfelA3 

frv\ ttJKtrfflJfli'S'** (rd) fc^fci&trittffcfcf?- 
[0 0 4 8] 2fetw, ^^7* 1^*5*34 -CUff^tvfc^ 

3 0Sr;ft-LTifr<£i'v ? ** 1 5 0 »cA;ft $*v5 0 * L 
"C, ^f=-K0!Sl 6 0-C«fK$tu, ftmzfcCtz. 
fo$(.&t5Z.t£t>tiZ>. 9<{-7l$r£\zt3\,^X&* ^a 

— Y-QnfeZfrTz.W.m\s { s*9 (rd) lc*Mrt£;h,fcx 

— ^iSUv 5 ^^7T-l'/i'9 OiOf-^/^ 1 8 



(5) 

8 

LT, ALU1 9 0»CA^$tv5 0 = — KT 

$ ixfcffUl U v 5 * * ( r s ) iCftiW $nfcf-^« s 
Uv 5 ** 7 7-01" 9 o iOr-^^ 1 84Sr^Ut, 
ALU 1 9 0lcA^j£*x-5. -tLTALU 1 9 Ofi*^ 

Srx — 1 9 2 St^LT. 1/^77^9 0© 

m.misVx9 (rd) jc^-f-^c 

[0049] fltrSE^-Y 7 1 ^»±*34THtTi-2) rtt 

[0 0 5 0] ^I'T'l^&^-C^i-S^iit^e 

[0 0 5 1] (A)^^7'l^©t'<l'-V3y 
rd=rs op. rd 

(B) EXT^ + ^-f7'1^0t'!l/-v'3y 
r d = r s op. EXTW-v 5 ** 

5t (A) l±, ^^7'i^jis*3fi-c'llfi 1 $nri^-<o^- 

[O 0 5 2] j£ (B) fi, ^^7*l^Ei©e x t 
^i:iia^-a-lPiirT:lltT$iX/t®-a-©^-'<u-v'3 

i©ex t^ira^fe-er-CHtT^^^fi, EX 
TVi?x9<DJ t —9 SUfflUv*;** (rs) ©F*9§i: 
<0Sm*3*Sr. Vimi'Vx^ (rd) ^*§:^l><fc Pfc 

[0 0 5 3] ^^7*l^e x tMi«**fc*t 

^T, *r, T'l^fiROMl 1 O^h^y"— 
9'<* 1 3 0iSr3>LT^U'v ! ^^-l 5 0JcAA$H 

KT?»«$*ufceRJlu^^ (r s) 
9&l'*SX9 7y<{A'9-0'£. Vy*-9'<X 1 8-2£?>L- 
^o t, ALU 1 9 0»CA7J$H?>. EXT^^ 

i 7 2jc«^$^T^fcii:f{roe x t*M£a*»j£Ufci' 

i?*9<D7 t -9&. ALU19 0l:A^$H5. 

Ts ALU1 9 0»i^-)'7"l^ < ft-(D^='— K"C^^tV 

*«i!SrlTV\ Wm&&*"r-9;<* 1 9 2Sr?>LT. 

^^77-f/l'9 0OifU^? (rd) td*&JHrt-#- 

5„ 

[0 0 5 4] **!, e x t^*5Jt^LfcU-^^<5'c07 ? 
->? =£r E X T Uv^ ^172 »d{$M$1-£a!@rt:, E 2 ~ 
0 3TUiWLfcS»J-Cfc5. 
so (OOSSl.^ot, i'^7 , l^$re x t^tfi%- 
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J: o 3 ^7 V K^-fr £Hfr LfcO £ RU£0$y££;£ 
[0 0 5 6] 5. T'y 7^ s/^^Srffl^T*— ■ 

1-309 Srt&HH-S. 

[0 0 5 7] KOfi|^tt[§I4»C^-r^'1'7'l^ 

^KfEt&^JxTl^Sf*— r d I'^i-U^^^tcn — 
[0 0 5 8] *?\ n- K^4*Sl*Ma-ClltTSix5® 

&<DCPu<DW}m^i,^xm.wi-z>. cputt. 

-K^JtteSa'bfcJHJBl'^** (r s) {ZtittoZfrK.®. 
K^t-r^)-r-^SrRAM3 2 0a>bSM*tiiU 

[0 0 5 9] n-K^© < t5^^^f7 p 2^li, 
•^UtT-r^r t tm*5 U ttltJOex t*^tfi*-& 

t>itXmft£tltcm&l*. ex tlfrfr©*M&- = -K-<?JS 

vi^ttAp$*vc, *^2ift^as!ifT$*v5. 

[0 0 6 0] ^Y^^^e x ti^iffl^fritrT 

5. ^'f 7*2^liROMl 1 0^b^7-^ 

MX1 3 OSr^Lt^-u^^ 1 5 0K7C*7£ix5. 
^Lt, ^-ra- K0881 6 0-C)5?BE$^5* s > -co 

= -K-C-m^Snfc^fflu^^^ (rs) fcJMAiSiltfc. 
T h'UX%Ui?x-?7T'( ^9 oa^&tfiiJLTX^;*. 
SSOfc^LT, T Kl"*»**3 4 0 KAMI'S. 
[006 1] Sfc, EXTl/-^^ 1 7 2»Ct^jf ZtlX 
VfctEmJWe X t^jJ5Jt^LfcU'V ? ^^©X-^*S, 
TKU*^SS3 4 0KA*>$:h,?>. 7K^iSi^l3 
4 0(ir.^b©2o<OA^5r^LTT Ku*£r£j£f- 
3. £js&$ixfcT Ku^tCt 9f—*T KV*'<*3 1 
0£?>LT, RAM3 2 0©T Ku;*fcJi5tU R7 K 



(6) 

Vimisi?** (rd) K&j&Tt-3. 

[0 0 6 2] rcOigigt-^oT e x t <ft<£©BP 

ffiiEXT^^ 1 7 2^$tL5igai±, 0 2~0 
3T*RBJLfcJi!9-C*>5. 

[0 0 6 3] «£oT, ^^7°2^Sre x t^irll^f 

-&ttxnn sterns. t^^KKf^^f-^^ 

[Elffi©flMifcfftW] 

[mi] *&w<omM<Dteffi<DCPu<Dmtiz-7v vtm 
xhz> 0 

[02] ■=?-r^n3>'f 3 .-^^rtjm^^r^-5^fr 

So 

[03] A^3^H5^3- KStm^ra- KHIfttf 

20 [04] ^ -Y 7°l^^<0^^-3— K©f •> h7^- 

[0 5] EXTM(0<^3- KOt'-y H7-f- /UKSr 

10 v^Dayfi^ 

3 0 CPU 

4 0 ^-7*3— KgB 

5 0 ex tifr^ggB 

6 0 

30 7 0 -r-*ig|?g|5 

8 0 T K^jRJWB 

9 0 

110" ROM 

12 0 lft<£T KW*/<* 

13 0 ifo<fr-7*— 

14 0 <f—9/*>* 

1 5 0 ^^W-v 5 ^^ 

16 0 ^^^-KBSS 
■•• 1 6 1 ftWtt*- 

40" 170 *-ys/ hft-frMietiSBlBlB ' 

17 2 EXT Ui?7.# 
1 9 0 ALU 

3 10 f-^7KW/<7 

3 2 0 RAM 

3 3 0 yo/^A^i'^PC' 

340 7K^»|S 
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